Background Multimorbidity [two or more conditions in addition to intellectual disability (ID)] is known to be more common among people with ID. However, the relationship between multimorbidity and lifestyle factors is currently unknown. The aim of this study was to determine the prevalence of multimorbidity in a population of adults with ID. We also aimed to identify risk factors, including lifestyle factors, for multimorbidity in this population. Methods This was a cross-sectional analysis using data from a diabetes screening study of 920 adults aged 18-74 years with ID living in Leicestershire, UK. We described comorbidities and the prevalence of multimorbidity in this population. We explored the relationship between multimorbidity and age, gender, ethnicity, severity of ID, socio-economic status, physical activity, sedentary behaviour, fruit and vegetable consumption and smoking status using multiple logistic regression.
Introduction
Multimorbidity is defined as two or more chronic conditions in the same individual (Van den Akker et al. 1996) . It has a prevalence of between 12.9% and 95.1%, depending on case definition and populations studied, and has fairly consistently been found to be associated with increasing age, lower socio-economic status and female gender in the general population (Violan et al. 2014) . A relationship between multimorbidity and ethnicity has also been observed in some populations, with a higher prevalence generally found among some minority ethnic populations (Mathur et al. 2011; Ahmadi et al. 2016; Johnson-Lawrence et al. 2017) .
Among people with intellectual disability (ID), multimorbidity has typically been defined as two or more chronic conditions in addition to ID (McCarron et al. 2013; Hermans & Evenhuis 2014; Cooper et al. 2015) . People with ID are additionally disadvantaged with regard to multimorbidity because they often have more physical and/or mental health problems than the rest of the population (Cooper & van der Speck 2009 , Krahn & Fox 2014 . Despite this, there is very little research on multimorbidity in the ID population. Evidence so far suggests that the prevalence of two or more chronic conditions in addition to ID is 40.6% among adults with ID (Cooper et al. 2015) and between 71% and 80% among older adults with ID (McCarron et al. 2013; Hermans & Evenhuis 2014) . Higher prevalence of multimorbidity has been reported in women (McCarron et al. 2013; Cooper et al. 2015) , older individuals with ID (McCarron et al. 2013; Cooper et al. 2015; Hermans & Evenhuis 2014) and among people with severe/profound ID (Hermans & Evenhuis 2014) .
Knowledge about multimorbidity in people with ID is important for health care and resource planning. Multimorbidity is associated with more complex clinical management (Crentsil et al. 2010) , higher health care utilisation and costs (Glynn et al. 2011; Naessens et al. 2011; Salisbury et al. 2011; Schoenberg et al. 2007) , higher health care needs (Fung et al. 2008; Laux et al. 2008 ) and health-related quality of life (Fortin et al. 2007; Loza et al. 2009) . It is also a risk factor for frailty (Fried et al. 2001) , which occurs earlier in people with ID than the general population (Evenhuis et al. 2012) , and is associated with hospitalisation and death (Fried et al. 2001) .
With an ageing population, it is important to consider potentially modifiable risk factors for multimorbidity so that preventive strategies can be tested. Thus far, the limited evidence available suggests that there may be an association between lifestyle factors and multimorbidity in the general population. Previous research has found a relationship between lower consumption of fruit and vegetables (Ruel et al. 2014) , physical inactivity (Ahmadi et al. 2016; Dhalwani et al. 2016) , sedentary behaviour (Loprinzi 2015) and former smoking (Chung et al. 2015; Ahmadi et al. 2016 ). An association between overweight and obesity (lifestyle indicators) with multimorbidity has also been observed (Booth et al. 2014; Ahmadi et al. 2016) .
The primary purpose of this study was to determine the prevalence of multimorbidity in a population of adults with ID. We also aimed to identify risk factors, including lifestyle factors, for multimorbidity in adults with ID.
Methods
This study involved a cross-sectional analysis of the 'STOP Diabetes' cohort. The STOP Diabetes study, including full details of data collection, has been described elsewhere (Dunkley et al. 2017a; Dunkley et al. 2017b ) but, briefly, involved a population-based screening programme of adults (aged 18-74 years) with ID in Leicestershire, UK. Participants were recruited between December 2012 and September 2015 from general practices and specialist ID services. The study involved the collection of anthropometric measures (height, weight and blood pressure), blood samples and additional demographic and lifestyle data. The case record form included collection of data on chronic conditions that were perceived to be clinically important to adults with ID [with corresponding International Classification of Diseases (ICD-10) (World Health Organization, WHO 1992) system codes]. This information was collected directly from the participants and/or carers by research nurses as part of the screening process, using additional information from the participant's health action plan (Department of Health 2002) and medical records review. Additional conditions were coded as individual ICD-10 codes. Adults were excluded from screening for the STOP Diabetes study if they had existing type 1 or type 2 diabetes, life-limiting terminal illness or systemic disease interfering with measurement and interpretation of glycated haemoglobin levels. Therefore, the population comprised adults with ID who did not have diabetes.
Definition of multimorbidity
For the purpose of this analysis, multimorbidity was defined as two or more chronic conditions in addition to ID. Initially, 19 chronic conditions were included in this definition based on their perceived clinical importance and to align with previous research in this area (Cooper et al. 2015) . These conditions were viral hepatitis; malignant neoplasms; hypothyroidism; dementia; mental health disorders; epilepsy; migraine; cerebral palsy and other paralytic syndromes; hypertension; ischaemic heart disease; cerebrovascular disease; other heart disease; chronic respiratory diseases; digestive system diseases; dermatitis/eczema; arthritis/gout; osteopathies/chondropathies; renal failure; and dysphagia. Obesity was included as a comorbidity because of its conceptual relationship with lifestyle and because it is treated as a chronic condition in some countries [e.g. USA (American Medical Association 2007)]. We defined this as a clinical diagnosis of obesity (ICD-10 code E66), body mass index ≥30 for white ethnicity or body mass index ≥27.5 for non-white ethnicity to align with guidance from the National Institute for Health and Clinical Excellence (2014) .
Given its high prevalence and significant burden on carers in this population, we also reported on the prevalence of challenging behaviours in this population, but we have not included this in our definition of multimorbidity owing to its established relationship with mental ill health (Allen 2008) . In addition, we did not include congenital or genetic disorders linked with ID, such as Down syndrome. Owing to difficulties in confirming diagnoses, some health problems reported by participants, such as sensory impairment were not included in the coding.
In addition and to align with our intention to identify potential modifiable lifestyle factors contributing to multimorbidity, we also explored a refined definition of multimorbidity which excluded comorbidities likely to have been present from birth or early childhood: these were autism spectrum disorders (ASD; F84), attention-deficit hyperactivity disorders (ADHD; F90), epilepsy (G40) and cerebral palsy or other paralytic syndromes (G80-G83).
Lifestyle measures
The STOP Diabetes study included the collection of information on physical activity, sedentary behaviour, fruit/vegetable intake and smoking status. Targets on physical activity, sedentary behaviour and fruit/vegetable intake were aligned with UK and WHO guidance (Food Standards Agency 2010; WHO 2010; WHO 2013; Department of Health 2011). Based on participant/carer reported outcomes, it was assumed that doing any sports, exercise or physical activity five or more times per week would meet recommendations to do a minimum of 150 min of moderate intensity activity or 75 min of vigorous activity. Outcomes were thus dichotomised into 5 or more times per week and <5 times per week. Similarly, for data collected on how often participants sat during the day, a report of sometimes or never was assumed to meet the guidance to 'minimise the amount of time spend sedentary (sitting) for extended periods' (Department of Health 2011). For fruit and vegetable intake, responses were divided into 5 or more portions per day and <5 per day. Data were not available on more than seven portions, so we could not test the efficacy of 10 or more portions per day, as recommended in a recent systematic review (Aune et al. 2017) .
We also included information on socio-economic status using indices of multiple deprivation deciles. Indices of multiple deprivation provide statistics on relative deprivation, based on geographical location (postcode), and are scored from 1 (for the 10% most deprived neighbourhoods in the country) to 10 (for the least deprived neighbourhoods in the country) (Department of Communities and Local Government 2010) . We also used data collected on individuals' severity of ID using clinical diagnoses (from medical records) based on ICD-10 codes: F70 (mild), F71 (moderate), F72 (severe) and F73 (profound).
Analyses
Demographic characteristics, lifestyle factors, ability to walk independently and the prevalence of the health conditions were described. The relationship between multimorbidity, age, gender, ethnicity, area of multiple deprivation decile and ID severity was explored using multiple logistic regression modelling using likelihood ratio tests to evaluate subgroup characteristics. The relationship between multimorbidity and physical activity, sedentary behaviour, fruit/vegetable consumption and smoking was investigated using separate logistic regression models (also adjusting for the effects of age, gender, ethnicity, area of multiple deprivation and ID severity). The analyses were repeated using our revised multimorbidity definition (to exclude ASD, ADHD, epilepsy, cerebral palsy and other paralytic syndromes). When exploring the relationship between multimorbidity, physical activity and sedentary behaviour, we also adjusted for ability to walk. Multicollinearity (i.e. high correlations) between the predictor variables was tested using correlation matrices and the variation inflation factor. Interactions by subgroups were tested using likelihood ratio tests. All analyses were carried out in Stata version 14 (StataCorp 2015).
Results
In total, 920 participants with ID were initially investigated, after excluding one individual who did not have any data on their health conditions and nine individuals who were found to have (previously undiagnosed) type 2 diabetes mellitus when screened. The characteristics of the participants are shown in Table 1 . Just over half (58%) were men, mean age was 42.9 years and 67.5% were obese or overweight. Most of the adults lived alone or with family (n = 382; 41.5%), in residential accommodation (n = 349; 37.9%) or in shared housing/supported living accommodation (n = 157; 17.1%).
The most common health problems in addition to ID were mental ill health (43.0%), obesity (31.0%), epilepsy (28.4%) and dysphagia (24.9%). Among the 787 individuals for whom data on all comorbidities were available, 86 participants (10.9%) had none of the conditions reported, 219 (27.8%) had one, 256 (31.3%) had two and 236 (30.0%) had three or more conditions. The prevalence of two or more conditions in addition to ID (our working definition of multimorbidity) was 61.2% (95% CI 57.7-64.7); this was more prevalent among women (68.6% vs. 56.0%; P < 0.001) and older age groups [72.9% (60-74 years) vs. 57.1% (18-29 years); χ² P = 0.002]. Mental ill health and obesity (15.1%), followed by mental ill health and epilepsy (10.8%) and mental ill health and dysphagia (9.5%) were the most frequently occurring comorbidities (in addition to ID). Figure 1 shows the relationship between multimorbidity and common risk factors reported in the general population, after adjustment for age, gender, ethnicity, area of multiple deprivation and severity of ID. Female gender was associated with increased prevalence of multimorbidity (P < 0.001). Similarly, people with severe/profound ID had higher odds of multimorbidity compared with those with mild ID (adjusted OR = 1.95; 95% CI 1.31-2.89; P = 0.004). There was a general trend towards increased multimorbidity with increasing age, but this did not reach statistical significance (P = 0.06). We found no effect of socio-economic status on multimorbidity (P = 0.18). We also did not find any significant interactions between the variables or evidence of multicollinearity (all variation inflation factors <2). Figure 2 shows the relationship between multimorbidity and lifestyle factors. After adjustment for ability to walk and the risk factors outlined in Figure 1 , an association was found between multimorbidity and participants who did sports, exercise or physical activity <5 times per week (OR = 1.91; 95% CI 1.23-2.97; P = 0.004). We also found a relationship between multimorbidity and adults who were sedentary (i.e. sat for 'a lot', most or all of the day) (OR = 1.98; 95% CI 1.42-2.77; P < 0.001). We found no effect of fruit and vegetable consumption or smoking on multimorbidity.
On excluding ASD, ADHD, epilepsy, cerebral palsy and other paralytic syndromes from our working definition of multimorbidity (n = 363 for those with ≥2 comorbidities remaining), the effect of physical activity was no longer statistically significant (P = 0.16), but the effect of sedentary behaviour remained (P = 0.006).
Discussion
Our findings show that multimorbidity is highly prevalent among people with ID and is a particular concern for younger adults; 61.2% of all adults and 57.1% of those aged 18-29 years in our population had at least two conditions. We found that both physical inactivity and sedentary behaviour were associated with increased odds of having multimorbidity. We found the effect of sedentary behaviour persisted, even after excluding conditions likely to have been present from birth or early childhood. To our knowledge, this is the first time that the relationship between multimorbidity and lifestyle factors has been investigated in an ID population. Our findings of a relationship between multimorbidity, sedentary behaviour and physical activity is important for health and social care planning because there is scope to develop interventions to modify physical activity and, in particular, sedentary levels to potentially reduce multimorbidity and its associated health care costs, utilisation and needs (Schoenberg et al. 2007; Fung et al. 2008; Laux et al. 2008; Crentsil et al. 2010; Glynn et al. 2011; Naessens et al. 2011; Salisbury et al. 2011) . In line with global policy initiatives that focus on positive well-being in the ID population (WHO 2011) , there is also the potential to improve healthrelated quality of life, which is associated with multimorbidity (Fortin et al. 2007; Loza et al. 2009 ). Previous literature in the general population suggests that people who are more physically active have lower rates of multimorbidity (Ahmadi et al. 2016; Dhalwani et al. 2016) . There is also increasing Figure 1 Relationship between multimorbidity, age, gender, ethnicity, socio-economic status and severity of intellectual disability (adjusted for all other variables in model; n = 687). Journal of Intellectual Disability Research VOLUME 63 PART 3 MARCH 2019 F. Tyrer et al.
• Multimorbidity and lifestyle factors evidence that sedentary behaviour, independent of physical inactivity, is associated with multimorbidity (Owen et al. 2010; Loprinzi 2015) . However, we are unable to report on the direction of the associations seen in this cross-sectional study. Sedentary behaviour and physical inactivity are known to be relatively common among people with ID (Dairo et al. 2016; Melville et al. 2017) and are likely to be more prevalent among those with coexisting chronic conditions. It is noteworthy that the effect of sedentary behaviour remained, even after excluding those conditions likely to have been present before initiating any changes in lifestyle behaviours. Although individuals' lifestyle choices are clearly linked to their own health and well-being, the finding that mental ill health, epilepsy (when included) and dysphagia were the most common contributors to multimorbidity in our cohort suggests that imposed sedentary and inactive lifestyles due to ill health do not fully explain our findings and deserves further investigation. Consistent with previous research in the ID population, we found that female gender (Cooper et al. 2015) and severe/profound ID (Hermans and Evenhuis 2014) were associated with multimorbidity. We found that mental ill health dominated across all subgroups. However, further investigation revealed that women generally had more mental health-related comorbidities than men (19.5% vs. 12.0% for mental ill health/obesity; 12.2% vs. 9.8% for mental ill health/epilepsy; and 10.4% vs. 7.0% for mental ill health/digestive system diseases). Similarly, dysphagia and digestive system diseases featured more highly among people with severe/profound ID than those with mild ID (12.8% vs. 2.9% for dysphagia/digestive system diseases and 11.5% vs. 7.9% for dysphagia/mental ill health). We found a lesser effect of increasing age on multimorbidity, possibly because multimorbidity was so prevalent in the younger age groups. However, whereas obesity and mental ill health were the most common contributors to multimorbidity in younger individuals (22.3% for those aged 18-29 compared with 11.2% in those aged 60-74), the older individuals had a higher proportion of dysphagia and mental ill health (16.8% vs. 8.2%) . In line with the study of Cooper et al. (2015) , we also did not find an effect of socio-economic status on multimorbidity in the ID population, and a similar proportion of adults in our study population resided in the most deprived two postcode deciles (21.1% compared with \ 25.8% found in Cooper et al.'s study). It has been hypothesised that this may reflect their greater likelihood of living in depried areas (Morgan et al. 2000; Cooper et al. 2011) . The lack of effect may also reflect the location of residential and supported living accommodation which is not dependent on socio-economic status.
Although comparisons with the general population are restricted, given that the case definition of multimorbidity varies substantially between studies, we are able to draw some broad comparisons between our population and other general population and ID studies. We found that the prevalence of multimorbidity was substantially high in the younger 261 Figure 2 Relationship between multimorbidity and lifestyle factors (adjusted for gender, age, ethnicity, severity of ID and index of multiple deprivation; physical activity and sedentary behaviour also adjusted for ability to walk).
age groups with ID: 57.1% among 18-to 29-year olds, compared with around 4% of a comparable age range (18-34 years old) in the general population (Salisbury et al. 2011) . Multimorbidity may be seen at an earlier age because of the neurodevelopmental consequences of brain damage, such as epilepsy (Arvio & Sillanpaa 2003) , and earlier onset of comorbidities in people with genetic conditions, such as hypothyroidism in people with Down syndrome (Lott 2012) . This is supported by our finding that the rates of epilepsy were particularly high in our ID population (28.4%), much higher than the rates found in the general population (0.8%) (Cooper et al. 2015) . Similarly, the rate of arthritis/gout, often a factor in studies of multimorbidity in the general population (Schram et al. 2008; Lowe et al. 2017) , was low. There was also an absence of conditions related to alcohol dependence, which is a feature of other general population multimorbidity studies (McLean et al. 2014) .
Limitations
A key limitation of this research is that we did not use objective measurements of physical activity and sedentary time which affects reproducibility of the findings and may have introduced bias. A recent systematic review of physical activity levels in the adult ID population (16-81 years) found that 9% of participants in the studies achieved the equivalent of physical activity guidelines of 150 min moderate to vigorous physical activity per week (Dairo et al. 2016) . We found that 13.6% of adults in our population reported doing sports, exercise or physical activity five or more times per week, but we do not know how this equates to minutes. We also recognise that it is unlikely that people with profound ID and mobility problems in our cohort could achieve the recommended physical activity thresholds. Similarly, we found that 46.7% of adults in our population were sedentary for 'a lot', most or all of the day, compared with recent systematic review evidence using objectively (accelerometer) measured sedentary behaviour of 63-87.5% (Melville et al. 2017) . Our measures were measured by proxy at a single point in time, and we did not assess the reliability and validity of our assessment methods. We therefore recommend more research in this area using objective measures.
In addition, people with diabetes were excluded from the eligible population; it is recognised that cardiometabolic conditions are common contributors to multimorbidity (Violan et al. 2014; Prazeres and Santiago 2015) and that people with ID may be particularly vulnerable to such conditions because of the metabolic effects of long-term antipsychotic drug use (de Kuijper et al. 2013) . Similarly, we also excluded a small number of adults with life-limiting illness or systemic disease interfering with measurement and interpretation of glycated haemoglobin levels. Therefore, we have underestimated the extent of multimorbidity in the adult ID population, which further highlights its importance.
Conclusions
We have shown high rates of multimorbidity in an adult ID population and that younger age groups are particularly disadvantaged. Strategies to reduce multimorbidity should focus on people with ID of all ages regardless of their socio-economic status and consider common conditions that contribute to multimorbidity prevalence and are potentially preventable, such as mental ill health. We recommend further work to explore the relationship between multimorbidity, physical activity, sedentary behaviour and other lifestyle variables using validated objective measures in this population.
